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POSSIBLE INJECTION LINES FOR H- INJECTION 

Some s p e c i a l  ray  t r a c i n g  runs  have been done us ing  the  BEAM code on 

the PDP-10 t o  examine two p o s s i b l e  schemes f o r  i n j e c t i n g  H- i ons  i n t o  the  

AGS . 
O r i g i n a l l y ,  t h e  BEAM code provided op t ions  f o r  us ing  f i e l d  t a b l e s  

s u i t a b l e  f o r  50 MeV i n j e c t i o n ,  mid f i e ld  around 1 2  GeV, and s a t u r a t i o n  

around 33 GeV. None of  these are e x a c t l y  s u i t a b l e  f o r  200 MeV i n j e c t i o n ,  

b u t  t he  midf ie ld  opt ion  i s  probably b e s t  and was  t h e r e f o r e  used f o r  t hese  

runs .  

The runs  c o n s i s t  of 1) t h e  c losed  o r b i t  w i th  s u i t a b l e  o r b i t  bumps t o  

h i t  the  s t r i p p e r  f o i l ,  2) a r a y  coming i n  from ou t s ide  us ing  the  reverse 

bending i n  one o r  two magnets t o  h i t  t he  c losed  o r b i t  found i n  l), 3) t h e  

emit tance e l l i p s e  parameters f o r  matching, and 4 )  t he  momentum d i spe r s ion  

requirements .  

The f i r s t  type of run i s  a s t r a igh t fo rward  BEAM code opt ion .  

0 

The 

second run i s  usua l ly  done by e x p l o i t i n g  the  symmetry of t h e  AGS la t t ice .  

For example, t o  determine how t o  i n j e c t  a p a r t i c l e  a t  A20 t o  h i t  t he  p o i n t  

(x, x’) a t  €31, i n j e c t  t h a t  p a r t i c l e  a t  A9 wi th  coord ina tes  (x, -x’). 

w i l l  g ive  a t  A10 the  c o r r e c t  p o s i t i o n  and oppos i te  s i g n  bu t  numerical ly  

c o r r e c t  s lope  f o r  t he  A20 i n j e c t i o n .  This  r ay  can now be t r i e d .  The 

matrix f o r  h o r i z o n t a l  motion can be used t o  i terate t o  a b e t t e r  s o l u t i o n  

if t h e  f i r s t  r e s u l t  does n o t  match the  c losed  o r b i t  w i th  s u f f i c i e n t  accu- 

racy .  During t h e  r a y  trace, h o r i z o n t a l  and v e r t i c a l  matrices are accumu- 

l a t e d .  These matrices are inve r t ed ,  turned i n t o  t h r e e  X t h r e e  ma t r i ces  and 

used t o  p r o j e c t  back the  (01,[3,y) of t h e  AGS t o  the  s t a r t i n g  p o i n t  of  t he  

r ay  trace. 

It 

The momentum d i spe r s ion  p r o p e r t i e s  are determined by r epea t ing  
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processes  1) and 2) wi th  momenta s l i g h t l y  d i f f e r e n t .  

used should be s m a l l  bu t  because of  r a t h e r  l a r g e  round-off e r r o r s ,  e tc .  

Ap/p = 0.3% was chosen. 

I n  p r i n c i p l e ,  t he  Ap 

The f i r s t  case t o  be presented  uses  a l a r g e  f r a c t i o n  of t he  e x i s t i n g  

t r a n s p o r t  and matching l i n e .  The e x i t  angle  from the  i n f l e c t o r  would be 

aimed s t e e p l y  inward. 

a c losed  o r b i t  which has  been deformed inward by r eve r s ing  the  A13-B7 bumps. 

A t  s t r a i g h t  s e c t i o n  B 1 ,  t he  s t r i p p e r  f o i l  conver t s  t h e  H- ion  t o  a pro ton  

exac t ly  on the  c losed  o r b i t .  

be s i g n i f i c a n t l y  d i f f e r e n t  than  the  e x i s t i n g  one. It i s  thus  n o t  poss ib l e  

wi th  the  p re sen t  i n f l e c t o r  t o  quick ly  change back and f o r t h  between H- and 

p ro  tons.  

The reverse bending i n  magnet B l  b r ings  t h e  r ay  onto 

The i n f l e c t o r  r equ i r sd  f o r  t h i s  s o l u t i o n  w i l l  

A second op t ion  c o n s i s t s  of  t u rn ing  o f f  t h e  bending magnet j u s t  before  
- 

t h e  s h i e l d  w a l l ,  a l lowing the  beam t o  cont inue - t o  a new bending magnet which 

bends the beam i n t o  A15. No i n f l e c t o r  i s  requi red .  The t r a j e c t o r y  h i t s  a 

s t r i p p e r  f o i l  a t  A17. 

a l s o  requi red  f o r  t h i s  case. 

Two new o r b i t  bumps and o p t i c s  matching l enses  are 

Its only advantage i s  the  ease of switching 

between pro tons  and H-. 

The beam t r a n s p o r t  o p t i c s  have no t  been examined i n  e i t h e r  case. The 

t a b l e s  below give  a l l  r e l e v a n t  o p t i c a l  parameters of the  c losed  o r b i t s  and 

of t h e  e n t e r i n g  r ay  a t  A20 f o r  case  1 and A15 f o r  case  2. A l l  coord ina tes  

are relative t o ’ t h e  BEAM code system. Entrance condi t ions  are relative t o  

the l o n g i t u d i n a l  c e n t e r  of t h e  r e l e v a n t  s t r a i g h t  s e c t i o n s .  I n  case 2 ,  t he  

r ay  traverses t h e  f r i n g i n g  f i e l d  of  magnet A16. 

t h i s  s i t u a t i o n ,  a family of  r ays  on the  boundary of  a 1 7 ~  cm mrad e l l i p s e  

as determined by the  e l l i p s e  parameters was  followed t o  A17. 

r e s u l t i n g  matched t h e  des i r ed  e l l i p s e  c lose  enough t h a t  t h e  d i f f e r e n c e s  are 

ba re ly  p e r c e p t i b l e  on a hand p l o t t e d  graph. 

To test  l i n e a r i t y  f o r  

The curve 
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Case 1 Orb i t  bump of  1923.2 gauss i n .  a t  A13 and W 
2894.9 gauss i n .  a t  B7 

O r b i t  a t  B 1  Input  Ray a t  A20 

x = -2.0234 i n .  

x '  = 1.3488 m a d  

"" = 0.3745 

$ = 862.23 i n .  
H 

H 
V O! -0.2866 

$, = 411.57 i n .  

x = 2.0779 

x' = -42.156 mrad 

01 = 11.6503 H 
= 3485.91 i n .  PH 

01 = -0.10433 V 
Pv = 108.4 i n .  

dx = 124.3 i n .  

dx' = -272.9 mrad 

P d p  

P d p  

= 94.97 i n .  dx 

dx ' 
P d p  

p dp = -42.82 mrad 

Case 2 O r b i t  bump of  1933.3 gauss i n .  a t  A9 and 

2839.2 gauss in .  a t  B3 
0 

Closed O r b i t  a t  A17 Inpu t  Ray.-at A15 

x = -2.0655 i n .  x = 11.386 i n  

x' = 0.5668 mrad x' = -93.754 m r a d  

o ! ~  = 0.00133 

$, = 888.723 i n .  

O! = 0.01212 V 
= 398.31 i n .  PV 

P d p  dx = 85.15 i n .  

I 

dx = 26.44 mrad P d p  

= -0.094934 ""H 
pH = 1659.24 i n .  

01 = 0.5883 

$ = 323.13 i n .  
V 
v 

dx = 106.5 in .  

dx ' p dp = 63.17 mrad 

P d p  


